Translational repression by the bacteriophage T4 gene 32 protein involves specific recognition of an RNA pseudoknot structure.
An RNA pseudoknot has been shown to form the 5'-end of bacteriophage T4 gene 32 mRNA that is essential to autoregulation of gene 32 (g32) mRNA by gene product 32 (gp32), a single-stranded nucleic acid binding protein. Structure-mapping of RNA oligonucleotides with structure-specific RNases indicate that two stem regions consisting of nucleotides -67 to -64 base-paired to -52 to -55 (stem-1) and nucleotides -62 to -56 base-paired to -40 to -46 (stem-2) can fold into a "pseudoknotted" structure that may be analogous to the semi-continuous a-helical pseudoknot. Our results suggest that the g32 mRNA pseudoknot can form under conditions where specific autoregulation by gp32 is observed. Although the g32 mRNA pseudoknot is stabilized by Mg2+, it exists in equilibrium with a 3'-hairpin structure. Gel mobility studies carried out with defined length oligonucleotides indicate the gp32 does, in fact, bind tightly to the pseudoknot. These studies agree with the proposal of McPheeters et al., that the pseudoknot represents a nucleation site essential for autogenous gp32 translation regulation. Although disruption of tertiary structure interactions in this pseudoknot (with EDTA) significantly reduces the ability of gp32 to specifically recognize its own mRNA, in vitro mutagenesis studies suggest the sequence of stem-2 and of the loop region (nucleotides -47 to -50) also represent important determinants for specific gp32 autoregulation. Based on a competition assay relying on gel mobility shifts, the order of importance of the major elements of the pseudoknot are stem-1 > sequence of stem-2 or loop-2 > stem-2. In this assay, disruption of stem-1 decreased the ability of the resulting structure to compete for gp32 binding by approximately fourfold. Both stem-1 and stem-2 appear to be essential to maintain high-level expression from gp32 mRNA in an in vitro transcription/translation system. Taken together, these results support the translation control model in which the pseudoknot region is a nucleation point for cooperative gp32 binding, which then proceeds in a 3' direction through a long stretch of single-stranded RNA that includes the initiation codon for gene 32.